Background: Clinicians rely on clinical detection of pallor to diagnose anaemia. This makes it important to evaluate the effect of different skin complexions on the accuracy of the pallor in diagnosing anaemia in children. Methods: Clinicians conducted blind-independent physical examination, and their reports were compared with HemoCue 301 haemoglobin estimated with. The sensitivity and specificity were calculated. Results: A total of 573 children were reviewed by 27 healthcare workers. The prevalence of anaemia was high. The highest prevalence was among children between the age of 4 and 12 months (urban 63.4% and rural 69.2%). Anaemia was detected better among dark-skinned children. Conjunctivae and palm pallor had the highest sensitivity (78.6% and 69.2%, respectively). Discussion: Clinical pallor is a good screening assessment for anaemia but not diagnostic. Its sensitivity and specificity vary among different sites and skin complexions. Thus combining findings at any of the sites can improve detection of anaemia in children.
I N T R O D U C T I O N
Anaemia when detected early in children will both prevent them from becoming symptomatic and developing complications of severe anaemia [1] [2] [3] [4] and avoid the cost and risks associated with blood transfusion [5, 6] .
Recent innovations aim at improving the diagnosis of anaemia [7] [8] [9] especially numerous point-ofservice, and easy to use machines [8, 9] . However, the implementation of these devices in low-income countries has met challenges especially in lower level of health care. Therefore, leaving the traditional practice of physical examination being the only sure available means of diagnosis of anaemia [10, 11] , despite the shortcoming of physical examination of not being able to determine the degree of anaemia.
The World Health Organization (WHO) in the Integrated Management of Childhood Illness recommends that clinical pallor at any site in children should be used to define anaemia, especially in regions with high prevalence of anaemia [12] . Previous reviews on the accuracy of clinical pallor as sign of anaemia in children, have reported high false negative and false positive [13] [14] [15] . Unfortunately, these studies explicitly failed to factor in the possible effect of skin pigmentation/complexion on the interpretation of the clinical assessment of pallor at these high-yield sites: hue of the conjunctivae, palm and nail bed [16] [17] [18] [19] . The potential effect of various skin complexions on accuracy of clinical pallor should be evaluated especially in Nigeria as well as other African countries where children of various skin complexions, fair, chocolate and dark, are found. Based on our clinical search at the time this study, the performance of clinical detection of pallor among children with different skin complexion has not been reported.
Thus, this study was set to determine the sensitivity and specificity of clinical pallor detected at different anatomical sites on children of different skin colours in detecting anaemia. The outcome would be relevant in the interpretation of pallor in children.
M E T H O D S

Ethical consideration
The study was approved by the University of Nigeria Teaching Hospital Enugu, Ethics and Health Research Committee. Informed written consent was obtained from the parents of the children.
Study populations
In July 2015, households with children <10 years were identified in four communities (two urban and two rural communities) in two states, in southeast Nigeria: Abakpa (urban), and Ibagwa (rural) in Enugu East Local Government area (LGA) of Enugu State, as well as Umuahia (urban) and Nkwegwu (rural) in Umuahia North LGA, in Abia State. Those families that accepted to allow their children to participate were informed about the date and recruitment venues for the study.
Sample size
The minimum sample size of 374 was calculated based on sensitivity and specificity of clinical pallor of 70%, respectively [10] , 95% confidence interval and anaemia prevalence of 42%. However, we enrolled 573 children.
Data and sample collection
Interviewer-administered questionnaire was used to collect information on the age, gender, occupation and educational status of the parents and history of illness for the child. The profoma section was used to document the obtained Hb estimation. A standard protocol was followed for clinical pallor and haemoglobin estimation. The participating children underwent physical examination of their hue of their conjunctivae, palm and nail bed as well as blood sample was taken to determine the haemoglobin concentration, using Haemocue 301. The children were also categorized into different skin colours, fair, chocolate and dark, based on their facial skin colour. This assessment of skin complexion was done independently by two clinicians who also did the check for clinical pallor. In any situation where their assessments of the skin complexion varied, the opinion of a third clinician was used to decide the complexion to categorize the child. Before the exercise, photographs of three different children that were fair, chocolate and dark in complexion respectively were shown to them to serve as a guide in their determination of complexion.
A researcher filled the questionnaire for each patient before a healthcare provider clinically assessed the presence or absence of pallor and categorized the same child as whether pale or not, and completed the profoma for the patient. Assessment for clinical pallor was done blindly and independently. Two clinicians, resident doctor in paediatric department and qualified practicing nurse, independently examined these children for pallor at conjunctivae, palm and nail bed. Conjunctivae is considered pale when the colour of the lower palpebral is lighter than the usual pinkish hue. The fingers were hyperextended to stretch the skin over the thenar eminence of the palm to check for paleness. The crease was avoided because in most dark-skinned people, the palmar creases are pigmented. The nailbed colour was assessed for paleness. The findings were documented differently and immediately reviewed by a third clinician. Each child was examined by two independent examiners and where variation occurred, the opinion of a third examiner decided whether the child would be categorized as pale or not. After the physical examination, venepuncture was performed by a phlebotomist, and blood was collected in the cuvette of the HemoCue 301 machine for the haemoglobin estimation. Children who were found to be anaemic by haemoglobin estimation were given haematinic and referred to a paediatric clinic for further evaluation.
Data analysis
The data were entered in SPSS version 20. Children were categorized as being pale if they had pallor in any of these anatomical sites, conjunctivae, palm or nail bed, and normal if otherwise.
Anaemia was categorized based on WHO definition where haemoglobin concentrations of <11 g/dl and <11.5 g/dl were taken as anaemic for children 6-59 months of age and 5-10 years, respectively [20] [21] [22] . The anaemia was further graded into mild (Hb 10-10.9 g/dl), moderate (7-9.9 g/dl) and severe <7 g/dl for children 6-59 months of age, while for children 5-10 years, mild was 11-11.4 g/dl, moderate was 8-10.9 g/dl, and severe anaemia was Hb of <8 g/dl.
The calculation of sensitivity and specificity of pallor was based on cutoff of <11 g/dl and <11.5 g/dl for anaemia in children 5 years and >5 years, respectively. Sensitivity was the proportion of anaemic children based on haemoglobin estimation that was detected to be pale by clinical assessment. Specificity was the proportion of non-anaemic children based on haemoglobin estimation that were not detected to have pallor by clinical assessment [23] . The significance was p-value of 0.05.
R E S U L T S
A total of 289 households were surveyed in the study after obtaining consent from the parents or their guardians, 573 children <10 years of age were recruited. Data from 49 children were not included in the analysis. Fourteen questionnaires were excluded owing to missing data and 35 owing to refusal by the parents to undergo further pinprick after initial failed attempt to collect adequate blood or error reading in the HemoCue 301 machine. The analysis was done on 524 children whose data were complete. Households with -two to three children were 42.3% (71 of 167) in urban and 43% (52 of 122) in the rural and did not differ significantly (p ¼ 0.37), see Prevalence of anaemia in the children under 10 years of age The overall prevalence of anaemia was 42.2% (221 of 534). Those who were mild, moderate and severe anaemic were 27.3% (143 of 524), 13.6% (71 of 524) and 1.3% (7 of 524), respectively. In different localities, 38% (114 of 300) and 47.8% (107 of 224) had anaemia in the urban and rural areas, respectively, and the difference was statistically significant (p ¼ 0.025). As shown in Table 2 , the prevalence of anaemia increased with increase in age: it was 41.7% (10 of 24) and 45.5% (5 of 11) among children aged 1-3 months in urban and rural, respectively, and peaked at 63.45% (26 of 41) and 69.2% (9 of 13) among children aged 4-12 months in urban and rural areas, respectively, and the difference was statistically significant (p ¼ 0.002). The anaemia prevalence was mild (26.7%, 80 of 300 urban; 28.1%, 63 of 224 rural), moderate (9.7%, 29 of 300 urban; 27.2%, 61 of 224 rural) and severe 1.7% (5 of 300 urban; 0.9%, 2 of 224 rural). Prevalence of anaemia in all age groups was higher among children in the rural area compared with their urban age group (1-3 months: 41.7% urban, 45.5% rural; 4-12 months: 63.4% urban, 69.2% rural, 13-59 months: 46% urban, 56.1% rural; > 5 years: 21.3% urban, 34.1% rural), see Table 2 .
The mean haemoglobin concentration of each group was 10.84 g/dl (1.94) for the fair-skinned, 10.88 g/dl (2.06) for the chocolate-coloured skin and 10.83 g/dl (2.41) for the dark-skinned group. The sensitivity and specificity of clinical pallor at different anatomical sites for children with different skin complexion with haemoglobin estimation as gold standard is presented in Table 3 . Among fairskinned children, sensitivity of 66.7% and specificity of 58.9% were recorded on conjunctivae, while sensitivity of 65.4% and specificity of 60.8% were recorded on nail bed. Among dark-skinned children, sensitivity of 78.6% and specificity of 60.7% were recorded on conjunctivae, sensitivity of 69.2% and specificity of 57.9% were recorded on palm and sensitivity of 63.6% and specificity of 60.4% were recorded on the nail bed. Among chocolate-skinned children, sensitivity of 58.4% and specificity of 67.2% were recorded on the conjunctivae, sensitivity of 57.3% and specificity of 67.7% were recorded on the palm and sensitivity of 52.7% and specificity of 64.8% were recorded on the nail bed.
The probability of clinical pallor at any site correctly predicting normal haemoglobin level was more sensitive among dark-skinned children (37.1%), while the probability of clinical pallor at any site correctly predicting low haemoglobin level was more sensitive among fair-skinned children (36.3%), see Table 4 . D I S C U S S I O N The prevalence of anaemia in the children studied was found to be high, and this is similar to what have been reported in previous studies [24, 25] . This buttresses the fact that iron deficiency is high in children and food supplementation should be duly considered. There was a slight variation in the prevalence between children in urban and rural areas. Anaemia in these children was mainly mild and moderate, which may be attributed to inadequate nutrition. Majority of these anaemic children were those <12 months old. This highlighted the need to review breastfeeding and complementary feeding practices, as it has been shown that infant feeding strategy practiced in these regions was suboptimal [26] .
The clinical assessment of anaemia was a good screening activity for childhood anaemia with sensitivity that range from 52.7% to 78.6%, and this has been reported in previous studies [13, 27] . The sensitivity among dark-skinned children was relativity higher than sensitivity among fair-skinned children, especially on the conjunctivae and palm anatomical sites. There was no previous study that evaluated the outcome of clinical assessment on different skin complexions to compare our results with. Our results suggested that presence of conjunctival or palmar pallor among dark-skinned children is more sensitive in identifying anaemia. This conjunctival pallor outperforming other sites had been reported [10] . It is also pertinent to note that clinical pallor as a sign of childhood anaemia scored the lowest sensitivity rate in all the anatomical sites among chocolate skin colour children. Unfortunately, majority of children have chocolate skin complexion from what this study revealed. In our study, conjunctivae or palmar pallor competes favourably with combined evaluation of pallor at the three sites: conjunctivae, palm and nail bed. It is not clear why nail bed pallor did not perform as well, although previous studies have reported that nail-bed evaluation is not a good site for the checking of pallor [18] . Choice of the best anatomical site for pallor evaluation may not be easily made as several other variables affect this, though the conjunctivae seem to be the best.
One limitation in this study was the lack of pantone colour system to catalogue the hues of the skin Table 2 . Prevalence of anaemia according to age and location based on haemoglobin estimation using Hemocue 301 colour. This would have helped in distinguishing different shades of the skin common that exist even among the people of dark skin. Secondly, the failure to use different clinicians for the assessment of skin complexion and pallor, would have biased their assessment after noticing a pattern. However, as the study took place in multiple sites and different clinicians were used for different sites, this would have removed the chance of the clinicians observing a pattern. Thirdly, the small number of children that had severe anaemia limited the ability to test the accuracy of the detection of anaemia in different skin colours at different grades of anaemia using relativity observers curve.
In conclusion, assessment of clinical pallor does not vary significantly in different sites and skin complexions in Nigerian children. Nevertheless, sensitivities at conjunctivae and palm were higher and should always be checked in routine clinical assessment for pallor and its detection at any of the sites is an indication of anaemia. The conjunctivae would be the best site for at-home assessment of pallor in children <10 years of age. Furthermore, in regions where the prevalence of childhood anaemia is high, clinicians practicing in such places may have difficulties in differentiating anaemic from normal children. Provision of a colour code to be regularly used may be of great assistance.
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